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(57) Abstract: 

PROBLEM TO BE SOLVED: To elevate breakdown 
strength, in a super j unction semiconductor element 
which is equipped with a drift layer, consisting 
of parallel pn layers letting current flow in on 
conditions and also being depleted in off 
conditions. 

SOLUTION: This superjunction semiconductor element 
is provided with an n high-resistance region 20, 
around a drift layer 12 consisting of parallel pn 
layers composed of n drift regions 12a and p 
partition regions 12b, and concentration ND of the I 
impurities in the high-resistance region 20 is set " 
at 5.62X1017XVDSS-1.36 (cm-3) or lower. But, 
VDSS shows breakdown strength (V). Furthermore, an 
n-channel stopper region adjacent to the high- 
resistance region 20 is arranged. 
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(54) g^^ao nite*m»#***xfZ0n&m 

(57) [Rft] 

n HB*1 2 afcpfte09««l 2. 

bt(Dafe^JpnJi3&*63iSKy-7hJil 20JSWC, n 
2 OSrKJt, ^n"iSfiSi:««2 0^« 



r v t/ -i.36 

^ V DSS 



(cm- 3 ) 



$jjg&N D £5. 6 2X 1 0 ] 
SkTb+Z. {i.LV DSS liiE (V) -ChZo WCnT( 
«tt«*2 0lcBS5i-5n^-r*/^ h^SWS2 14: 




lit of+?A«* 
H n* 7-Xff* 



15 Y-MftfiM 

17 v-xss 

19 tens 

20 n-Rffilft«* 



*3t>r, 3feyipnjBofflHt, 

*N D tf % «»£¥®#ilt*<DI*m£V DSS (V) 

fc«\ 5. 6 2X10 17 XV DSS - L36 (cm' 3 ) ^T"C 

wit 1- zmim 4 fcE*o8flte4M5***. 

WtttfitS, ft^aft=**SttB9mJt*>jE 

<o*wfo$L tmm^zb sr4*a ^ -r s» 6 

[»**8] tt&lpnJ|«>JHBIC, »r*«SW>i*lS«; 
■E*(0*f*«ft#. rt«|Ott?llpnJB«)#«*©Ii*«) 

[1**4 9] a— #— »!i*jrt8«-«ttiK9 7h« 

RltMifc***, *-tJB-<o±B5MkHS»ti»i, 
*v««|-eWt«flE«rJlrt-fc bh\z*7#mv\t£t£<ti- 

SEEKER LfcfcMp nl^It^iS^^f 



9fe/hS<R£U &ftm<om-®f$Mi±WVfmb, 
* * - ««fi K y 7 h Wtt i *z:*«8tt« 9 Wft & * 

*©rt«HOitMpnJi©#«JlgJO-f*VttAiiaj: 

[M*«l 2] *-tJB-<o*B5t. **t«x<B±ifilc 

K y 7 h«*fc*-*«fflttW 9**t * 
SElcBRLfettMp nJi^Sr«^S««^*»#*^ 
tC*5V^r, ttHlpnJIOMBIc, K5 7h««tBI-W 

4] iEft^h^W, SfeWpn 
5 ] HE^-r*^ F^W, tt^Jp n 

*®&b-rz>m?m 1 2 icBBW^iBa^H^ft^. 

[000 1] 

«r«i-t t t>tC, *7«»t»ttfflSft-*-*itWp nHd» 
64<5«WJ4>H«aif itSMO S F ET G»»y- 
Fatff»*h5^^) > IGBT 
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[0 0 0 2] 

[«*<0ft«] tt»fa1-6-o<&±ffik:Rlt&ftfc«lS 
fcBSlcw:, P5«fliHoi««fiOB«)ff*Sr[S:< L4»ttt 

£ 0 r<Ohu-K*7BB«tt, I GBT> /<*f#-9b 

ic J: £ ffi£JB*>]8tf*;fr fc # J*4 a*ffi¥*fttimc 
[0 0 0 3] Z(DKmz*ttZfflt&k UT, H!J7h 

36SK:aJBufca?iipnJBt?*rtu *7«t»t# 

EP0053854, USP5216275, 
USP543821 543J:04c«nOJ&n#&|Cj:«tt 
BB¥9 - 2 6 6 3 1 1 ^4*«teBfl^S*l/tV^. 
[00 041 01011 USP5216275 

*Lfc#W*aSBo- *ifc«-e* 5»0 SFETOS 
»WfB5H-Cfc6. ii»«>«ffliN«*» : T"CWt*-Jii:S 

««12b fci»645^p nBt ^KTVn^MM 

#j-Cfc£ 0 Ua|j:pt)x^ I3biip + 3y^ 

[0 0 0 5] r©Ky7hgl2fiMH n-KW 
^J§ 1 l tr*^* h F £ UT^ tr* ^v+yvffili J: 

i «9 P sssr^s lt P tra 9 «* 1 2 b 
[0006] ft&ra9J0xn#&i*« a-^ttffi-m® 

[0 0 0 7] 



[0008] -«tt*iBE«iSt LTtt, Wxtftf- K 
«)Ofta«*3&fc1-Sfc«e)ORH-AS^»-CfcO, 

[0 0 0 9] ^(OJ:5 4ttaic«**»w<oetttt, 
1"S 

[0 0 10] 

«-fcKi:o*Bi:, *^-eno±ffijj:Rtte> 

*ifc«ttfc* JB-fc»-©*iBIBlc«ftSOifc, 
B^rtttttfctti-J: t fcfc*7tttt-ci*ffi£ffcr*m-- 
*«BK!J ^ f««fc»zWM!fbW»)«*t«r«Zk: 

[0011] ikftp nBOJHBicKttdi«tt«rRltr. 

OHB<0iKfia:««O^Ftt«i»«N D dS, 
^©BflESrVnss (V) £rLfci#, 5. 6 2xio 
l7 XV D ss' L36 (cm' 3 ) £XT-?hZ>h<Dt-rZ>. 
[0 0 1 2] «3fci-a<fc5K5. 62X10 17 XV DSS 

- 1 - 36 (cm- 3 ) ^Toe»a-e*>tt«, «ffcit*<oj: 
5*^-Ky^^«3e*«rR»tft<Tt, ai»^+» 

I£#*©-C, *BBE*-fti-arfc*-C#*. t*>5A/ 
^-K9^«3Wf«rRttTbiv\ *fc, A&ttfttt 

[0013] mmMm(onm^msMmtn-mm 

T?*B<ORCSrBSih-C#, A»olftft»m©^S{b^Bb 

[0 0 14] ^JpnJBOHBIc, 
ttWpnJB^HBK:, »-*«ffl«>!«filS««**i-6 
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lCjE*©5FH**#*<fto-CL*5. *51-*fcfi£ 
fls#r>v<? v*tcft 9 , »EjW6T1-s w t left*. 

#<0IE«*<D;Ftt«A £ « L < -t 5 - <b ^SS-Cfc 
[0 0 15] ttHpnJlaflHK:, S&-#«Mtf>jSiJgtft 

— ^— ^51C*5 V NT t> ± t P«<0«*-C]E5lcC05Ftt«»S 
*<ft>K RffijftSfiT"*-*. ^ftSrBSihf 5fc&T£> 

[0016] ±JB*> J: 0 ftjB»^****^«)IBl*tt 

ffi«£> ^<0rt*iOttMpiiBo*««o^*^aAiB 

*. 

[00 17] 

Hffifc«<5v*TK9I+S 0 ft*5»T-Cn*fc»4pSrg|a 

MOSFETO«iRttoa5»BrBH"e«)!), HO*«*s 
nfAr*^MOSFETO«t*>5. 

[0018] aii^r, nii«at©n + KW 

V/§ x 12ttnKy7h«*12a, pttW0««12 

tt, pttSJ9«*l 2 M£8MKLTp**/»^#l 3 a 
#*jS3jh/CV^ 0 pl>x;^13a(DWtCn + y 
4 p*3V** hffi«l 3bt^ 

n + y-^14^nK!)7hi« 
1 2 a <t fc»E**Lfc p t? ^/^WH 13a ©«B±lCtt, 

hffitti 3 b©*ffik:#afc**+sy-;*«ai 



M^Wi 1 8tfRlte>*i"0*a. 1 9tt«fi{£S*3J: 

^##7* (psg) *»e»ft5o y-^«si7tt» 
hSSJi 1 6 ±ic&J!Eioy- h««^wt bnr^ 

n Ky^hMfil 2a-CS>*#, KT"Ctt P tt«D 0 «« 
1 2 b**«>fc4feyijp nJltr K!l 7 h® 1 2fcPf-Srt 

[0019] nKy7H«12atpttSJ9«Htl2 

bfc«)TO»ft»Rtt, Hfcttifclc:* h?>f*«fci- 

1 2 o^it-c, p tteo 9 <m. 1 2 b <7?^#nc n -mm 

7 hfflfil 2 a fc ptt93f5««l 2 b t^¥ffiW4»« 
[0 0 20] 700V^7^^MOSFETi 

LX, ft«©^ife*3j;tW««iai*»HtR©J:5ft«*: 

n-KW^JB 1 lOJtffittttO. OlQ-c 
m, H^3 50/im, K V 7 YM 1 2 0>J¥$ 4 8 n m v 
n Ky7h«*l 2a:fcJ;tfptfc»»>««l 2 btf>*l5 
Mm (i-fttofe, ni^m^^'binHl OMm) , W 
5X10 15 cm- 3 , p^«13a 
Oft#Ci££ 1 |i m, ^®5F«^»ffi 1 X 1 0 17 c m" 3 , 
n*y-*«m 4O&t^$0. 3nm v SE7MK 
UK 1 X 1 0 20 c m" 3 , n -MfiffiSUfi 2 0 tf>**fi4gj» 
«7. 6X10 13 cm^T, i20 0/imtfc5o 
[0 0 2 1] n"ili»2 0^ t?**$/ 
irMSWeJ^aWtSfra. n KJJ 7 hfHftl 2 a ten 
"il5ffift«« 2 0 KR It fetlfcJB 0 Tff SUC^ deix 
^*fiJcJ:ij*9[Stt, KCp{t9)9W!l 2 btt, 
n K y 7 hfltt 1 2 a KRtf 6>*tfctB 9 Tlf f ^ 
*i/^/i^»cJ:9*«LT»rti-<5. H2 (a) 
^Wm&$L7v7<<^1hZ>. ptt«09«*l 2 btt, 
n K9 7 2 a L<, 

[0 0 2 2] mi (Dm^MO S F E TOSlfft*, 
J;5^rftt>tt*. y-h«Ml 6fcWft«E*>« 

E^R«iP*ix*t, y-h«BWl6ll[TWp**/Hi 

1 4 36»bR<EJi*riii: , rn^+*/i««l 2eCW 

aSriiCTn*KU-< yfl lfcfcU KW^SSl 
8, y-^tSi7BI^It5. 

[0 0 2 3] hi&il 6^<OjEO«E*Sft9*?> 
H*t, p»aAHR*l 3 aO*B**e«fiS*ufcSK 
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0?r£;h,6 o MIC, */<^T*fME**# &p 
ttSI$«*l 2blip»x/va*l 3a^tty^ 
fBttl 7T3>g£ftTV^tf>-C, pl)x;^13ai 
nft*^«12etOH«)pn«&Ja, nK!)7 
2 a *ptt«J9«*l 2bi<0MOp ng^J 
bHWil^nK!)7Wl2a, ptt» 

9Ml 2 bto\c&&<>xztit>tf&i£i\:£tiz 0 

[0 0 2 4] pn^Jb^^^lt nK!)7h 
£ 0 ^ot, nK!)7 h^«c 1 2 a <D*«$l}R££iSjfc 

* *fcpttfj[?®«i 2bhmm\z£Z 

itZtiZo ptt§)0S«12bt>ilOpng^^ 
12btnF!)7 h$i*£ 1 2 a t *&K\C&l£-fZ> Z t 

[0 0 2 5] Maitf, ft*0*Ji^K«giKy 7 hSS: 
8o«SMOSFETm 7 0 0 V^y^^itlE^-r 
K!)7Ml2^MSaTli2x 
10 14 cm" 3 , 11$ 8 0 jKmSfii&K-C&ofcj&S, #H 
*«<OjBS5-frMO S F ETtfi, n K!)7 12a 
<0*tt*»**rJS< bfcr* *©£fcfcJ:.0 7 

FBI 2<Dfl^£»<^£fcfc«>* tyfigt't Ufift 

[0 0 2 6] n"K«ffi««2 0<O5F3|««?»ftS:aE*. , r 
WOnft^iMOSFET^U &fc*:CD# 
tt*f/W^*>^ a ^i/a yia 5»Btfc 0 03 
ft, nft^lMOSFETOlff (V DSS ) O^rt 

®^2 0W^8S, KMttBE (V DSS ) 
Ky7Mi 20S§££^7*-*£ LT*>*K 

[00 27] n 2 0 ©*ttfc»«N D #, 

5. 6 2X10 17 xV DSS - h36 (cm" 3 ) 4rjBx.fc«H 

T<^«5ffl-ett, Bffi#»£*fl2*1\ -fclcfcoTl* 

[0 0 2 8] K#*«»»«tf:BI£ V dss O 1 . 361 
fcigJt«LT^a<01?. ffil^*«JEE<BMOSFETO 

^lliOMOSFETTU i(t^«*»«-CfiV\ 



*Sltt«l<0jB»^MOSFET"Ctt, »#*J£ftfo*l 
TMfc»£E«ri«ierCfcJ;i\, 

[0 0 2 9] ft*5, n K9 7h««l 2aOH«:»< 

*jJ:tf*^«tti:»ffifcoH^-K*7BB«oa* 

[X1KM2] BioJ;5«;KB«rt>ojH*^MOSFE 
TO^Jpng^jSi^S^LT, ai^*S/-r/ud» 

n-K«tt«*2 0Sr3itr^^^/Wfi8fti-SX 

y h^«l 2 atp«0»)«*l 2b^M«Ct 

[0 0 3 0] E4tt, ^^ii^^m^^t: 0 ^^ 
^rt*1-«XB*rRB» !! & LT»rt LfcB»frM 
OSFETOJS»a^«»»BBT?«>5o Bl^lRIi 
£OitVM*n K3 7 2 a fcptt«l0«tl 2 b 

9, ^pnB0ft^*!pfW9«ttTfe*fltt\ * 
o*^«^ptt9I0««S:l 2 c rtttlOptMU!) 
««Srl 2 b£-t£o 
[0 0 3 1] pft«0t)«*l 2b, 12c^ T^i?:/ 

***&7 5 0V *>S^<#Bffi3ft5*&6 0 0V fcffiTLfc. 

El 2 (b) IS, iO«B«r»W^S^!WWIflC^o7-f 

[0 0 3 2] pftS0 0«*El 2b, 12c^ 

2 bit, B«Srn K» 7 2a"C#E*"nr*50, 
-*ptt«*>««l 2 eft, RtUfin Ky 7 2 
atfcl t>5-*OBttn-Jlifi«i««2 0fcfto"C 
^5. *<DtcZ>. n"K«gt«*2 O<D«-CptfcSI0« 

[0 0 3 3]^^ ptt«09Wl2clt, pttSJ 
DWftl 2 b *0«MS<, gK^tt^»S 1 bi5<4o 
tU5OTfe§ 9 B5Wt, Bffi<*>ptHO0«#l 2 c 
©3E*^l*«^t»«r^1-»ttB"C*>5. «?«Jttptt 
90 9 ««Sr 1 2 b ©iE!*^«»*"e«*ft L fc p tt^3 9 
««1 2 c OjEtt^HM. ««ttWffi-C*)6, 

[0034] Ba»e>pttSJ*j««i 2 c o5F«*»2:ri 
5. ptt9J9«*i2 b^«»*iiRii:^ 

Lfcfc#B£E*ft*lt40, *^*>6H:-f*tafcBflEtt: 
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«*12b, 12 ct. n K9 7 2 a 

10 0 3 5] SIBJc-f^^ttA^JiirSRttKlcJ:*) ptt 
«O0«ttl 2biptt«9««l 2 c^*BI*lCJgfifcL 

i«fiEOfl:^«<Opft«l9««l 2 cO^^^B 
tt#tt*r^+»ttH"e*><5o «ttttptKO»?««l 2 c 
<0^**«, KNl»RET«>«. ptt«I9«*12b<0 
-7**«W:2. 5mb, «}*K-XMlXl0 13 cin 

[0036] mfiVMopttwvm&i 2 c<D-?*?m\c 

ptt8l9fB«l 2 b©]E**lW«*fc*L< 
fc5:^W 0 fl&ttfc^OptHOQWKl 2 c 

©^^■trt«opttiD9Wi 2 b tmct Litm 
wmtme o ov tc<gTi-s<> 

[0 0 3 7] H7ttpft«I0««l 2 c^^g?; 
1. 6 Mm fc Ufci:tO^*eft»a^n7-f/W-e*)5. 

^6. ptt«9««l 2 cttttAi^HbStiTv^afc 
«2 o«Hi*sj£< 4o-cv^ 0 

[0 0 3 8] B8ttftiftLfc-ftVftAffl^^Oa 

l2D£:&v^c, ^**«j&sSK4oTi^a<DaUL&;h, 
Zo «*.tfrt«Optt9JD««»|j»Bl 2B(D^^^^I 
112. S^mt'fc^ *^MWIOpffc«JI?««<Z)*«S51 
2C^J:^ 3 — ^-ftoptta ij 1 2 

D©v7^Bttl. 6/tmf$)5p ^Sl2AfinK!) 

«tptfc«lU««o*fi8ai 2C*5J:tf=i— ^Sopft 

[0 0 3 9] £jUL*><PBHu ffiyijp nlOM^n K 

MOSFET©tt#Wrffi0-Cfc!K «»9nft*M 
OSFETOi^-efc^ 

[0040] a 9 teisv^r, pttau««i 2 b©HH 

iCn 2 0 3ft««S*irv^©ttBll:Rli: 
■t©n"*5fitt««2 0^BS»LTn^-y* 

y/<«*2 1tt*fc, n + KMyflUoWot 



ffi«c2 l^llCgSLtft^ hs"<««2 2tf 
[0 0 4 1 ] C(OS^ti, n 2 oott&SS 

ttffll 1 <fc 9 tfe< L"C, 150/iid Lt\ gjftfflf 

li:Rli:iBBESr»«i-5C^^-C#-5, :<Dnft^ 

h 5/ /< 1 4 5 *rrt -c* < > y ^(Dffiu® t> f -<r k 

[0 0 4 2] {&U nft*/^h^S«2 1«f 
^ y 7WC4 Ittttf 4 b 4^*?tfCtt4 < , nft* 
A** h y^««2 1 Sr^-CR»«<D*«W««fcgiJ^ 

nM2 2<Dfr&]?V7 hS 1 2(D^ffliC^itTt>$)5^ 

[0 0 4 3] 4*3, £il±<OSaK«ttlr^i*tttn^^*/l/ 
S^MOSFETfcL^ MOSFET*r»t"C4<, 
IGBT"CtR«©a*AS»e>tt-5. *fcpn^*- 

[004 4] 

Bt-Hm-e# S«fc5fc4ofc. 
[0 0 4 5] «MJI, iB«tt««O^Ftt*ttfl[N 0 ( c m 

" 3 ) 5. 6 2xi o 17 xv DSS - 136 (v) KTi1- 
[Bffi<0ffi¥4RWl 

[01] *»WHft«10fflS^MOSFETO«f|5»Wr 

[B2] (a) 1 OfflttMOS F ETfcfelJ 

■53F«*»*^a7-fA«, (b) r±HJ6«2 038«^ 
MO S F E TlC*5Jt S^««»ft^n 7 ^ /V® 

[@ 3 ] mmm 1 ^s^mo sfe T(c*5»t2)^EEo 

[B 4 ] *%91£tt0y 2 (O^MO S F ET^M 

[B5] **W2©fi»'&MOSFET|C*5»6iBE^ 
ptt«9*«l 2 c 0*WMMft#tt*»*itttH 
[B6] **«2^jB»-&MOSFET|C*5tt5»EEO 
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[12 8] Hft«2(DjBSS^MOSFET(C*jrt5ptt9l 
[0 9] *»WSHS«3 038jft&MOSFET(D«»Wf 



110] i^MO S F E TOS*W*«3t«»<0». 



l l 

1 2 
1 2 a 



n K!)7h«« 



12b ptttyQfltt 

1 2 c »^«Optt9J9«* 

1 2 e n^^/MM* 

13a pPs/MHtt 

i3b hm& 

1 4 n + y-*®gc 

1 ?-bmm& 

2 y-i 

3 *i 

4 KKVtfi 

5 teUd^ 

6 n"KfiSt«« 

7 nf^^u* 

8 f^^W* h 



[Ull] 



IM2] 




11 n* FM>JH 

12 F97M 
12a n F97hWR 
12b pttfJJOffii* 
I2en^ + *MS* 
13a p4x*WK 
14 n* V-XfiMt 



is y-hi&s* 

16 Y-hSSJB 

17 V-XH 

18 KN>n 

19 fe&Ag 

20 irft&ftfltt 



12a^ 12b 12a 12c 



- 20 

-•8.5 Xl0 l, co'* 



» 161 
(a) 
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[@3] 



[05] 




-8- 



[H9] 




#3SJn*;ii*mjii«Effl5zz*fffl i # i # #3s;n»jii«mjii«EB3a«f b 1 • 1 * 
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